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Parietal Cell Secretory Regulation
JAMES R. GOLDENRING, M.D., Ph.D.
The maladies of gastric secretion, including peptic ulcer disease, gastritis, and
esophageal reflux, represent common and pervasive disorders throughout our popu-
lation. Investigations during the past two decades have led to remarkable and
profound changes inthe treatment ofacid-peptic disorders. Medical treatments have
evolved from gastric resection through the evolution of "physiological" and selec-
tively ablative techniques ofvagal denervation. Currently, pharmacological remedies
dominate the approach to ulcer disease, gastritis, and esophageal reflux. This
evolution in less invasive treatment modalities has developed attendant on a greater
understanding ofthe integrative and cellular physiology ofgastric secretion. Never-
theless, while these research initiatives have led to impressive knowledge of cell
surface pharmacology of the parietal cell, relatively little characterization of the
intracellular mechanisms responsible for stimulation of acid secretion has occurred.
Even less is known of the coordinated integrative mechanisms which function to
maintain the normal homeostasis ofthe gastric mucosa.
The research described in this section details progress in four areas of relevant
gastric mucosal physiology: (1) the neurohormonal regulation of acid secretion, (2)
the receptor-dependent regulation of histamine-stimulated acid secretion, (3) the
complex mechanisms of second messenger activation mediating acid secretion, and
(4) the intricacies ofintracellular membrane dynamics within the parietal cell. Each
of these areas promises to be a fertile field for future progress in understanding the
physiology ofgastric secretion.
NeuroendocrineModulation
Surgical interruption of the neuroendocrine pathways for stimulation of acid
secretion represented the mainstay ofulcer treatment for the first two-thirds of this
century. The investigations presented by Schubert and Makhlouf underline the
complex of neurohormonal balances which work as an integrative network to
regulate gastric secretion as well as gastric motility [1]. While recent investigations
seem to indicate that gastrin may have a less important direct regulatory action on
the parietal cell, its role as a potent indirect secretagogue through activation of
histamine secretion from enterochromaffin-like (ECL) cells still places it among the
key integrative regulators. Furthermore, the role ofthe vagus, cholinergic, and other
peptidergic neurons in the regulation of the secretion of acid and pepsin, as well as
somatostatin and gastrin, suggests that the physiology of coordinated motility and
secretion is indeed finely tuned. It seems likely that these neural and endocrine
elements also participate in the intrinsic protective mechanisms as well as the
immune regulation ofthe gastric mucosa.
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Integrative Modulation on thePanietal Cell
The papers by Lewin et al. in this section and by Coffey et al. in the growth factor
section demonstrate that we have only begun to uncover the complex variety of
integrative regulators of acid secretion from parietal cells. The work by Lewin et al.
on the novel H3-histamine receptor function has defined the ability of this class of
receptors to act as autoreceptors on ECL cells and also to act as secretory potentia-
tors on parietal cells [2]. The work by Coffey et al. has demonstrated that parietal
cells are the major gastric source oftransforming growth factor alpha (TGFa) in the
normal gastric mucosa [3]. Thus, TGFaL, a known inhibitor of acid secretion [4],
appears to be secreted by the parietal cells as an autocrine regulator ofits own major
secretory function. These investigations indicate a very complex and highly regulated
process to provide tight modulation of acid secretion, presumably with the purpose
of preventing excessive secretion. Thus, histamine, the acid secretagogue, may also
act as its own inhibitor of secretion. Similarly, secretion of TGFa from parietal cells
may set a "negative set point" for acid secretion, preventing excessive secretion in
thenon-meal-stimulated periods. In addition to these two regulators, other investiga-
tors have recently noted the important influences of several active peptides, includ-
ing epidermal growth factor, peptide YY, glucagon-like peptide, somatostatin, and
pancreastatin on acid secretion. Combinations ofpeptide regulators may all interact
as complex modulators of the acid secretory process during the intra- and inter-
digestive periods. Finally, while the major secretagogue response to gastrin in vivo
may be mediated through ECL-cell release of histamine, evidence exists that some
gastrin receptors do exist on parietal cells [5]. The exact function of these gastrin
receptors in the modulation of parietal cell processes therefore remains to be
determined.
Intracellular SecondMessengers
A number ofstudies over the past several years have implicated cAMP as the key
mediator of histaminergic stimuli, while the calcium ion has been suggested as the
mediator ofcholinergic signals. Nevertheless, the investigations of Chew and others
have clearly established that many aspects of second messenger mediation in the
parietal cell remain unresolved. First, in terms of the action of histamine, while the
role of cAMP is well established, the physiological role of the small histamine-
stimulated rise in intracellular calcium remains unclear [6]. Indeed, the relationship
ofthis rise in calcium concentration to acid secretion also appears obscure, perhaps
suggesting a further role for histamine in parietal cell function. Second, while
cholinergic stimuli undoubtedly incite a prominent increase in intracellular calcium
through release from an intracellular store, the actual status of the calcium ion as a
sole mediator ofsecretion appears to be in doubt. Calcium ionophores do not appear
tostimulate secretion on their own. More important, as demonstrated by Chew et al.,
the intracellular Ca2+-ATPase blocker, thapsigargin, fails to stimulate acid secretion,
although it does raise intracellular calcium levels [7]. Furthermore, addition of a
phorbol ester agonist of protein kinase C with thapsigargin does not recapitulate
cholinergic stimulation. All of these investigations provide indirect evidence that
there may indeed be as yet unrecognized second messenger pathways that are
necessary forphysiological stimulation by histamine or carbachol.
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IntracellularParietal CellDynamics
While significant progress has been made in the characterization and cloning of
secretagogue receptors and the subunitsofthe protonpump, farless information has
been forthcoming on the intracellular machinery responsible for the translocation
and fusion ofH/K-ATPase-containing tubulovesicleswith the intracellular canalicu-
lus. This massive cytoskeletal rearrangement, the largest reversible membrane fusion
event known in a secretory cell, is required for delivery of the proton pump to the
gastric lumen. While a number ofinvestigators have detailed the existence ofseveral
secretagogue-induced protein phosphorylation events [8,9], as yet none of these
proteins has been clearly associated with the process of secretion. The small
GTP-binding proteins and their attendant modifiers add another group of possible
modulators ofthis stimulated membrane fusion event [10]. Giventhevast scale ofthe
parietal cell membrane sorting, it is likely that several of these small GTP-binding
proteins will be involved in stimulus-secretion coupling. Furthermore, while little is
knownofthe participatingproteins inmembrane fusion, even less is known about the
retrieval ofmembrane fromthe secretorycanaliculi andthereformationoftubuloves-
icles. Similarly, the pathways ofmembranevesicle sortinginvolved in the secretion of
both intrinsic factor and TGFa from parietal cells remain to be elucidated. All of
these issues make the parietal cell a fascinating system for the investigation of the
general membrane trafficking mechanisms involved in both exocytosis and mem-
brane retrieval.
In conclusion, while the studies presented in this symposium clearly demonstrate
the progress that has been made in delineating the mechanisms governing parietal
cell secretion, future investigations should lead to a more fundamental understand-
ing of the intracellular pathways modulating secretion. In addition, on a more
macroscopic scale, the realization that a single cell such as the parietal cell may be
participating in multiple functions, including both ion and growth factor secretion,
suggests that gastric mucosal homeostasis likely resides in the influence of multiple
endocrine, paracrine, and autocrine regulators.
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